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Acne vulgaris is a commonly occurring inflammatory skin 

disorder that affects both adults and teenagers and often 

causes considerable psychological distress. By emphasising 

the psycho-intestinal pathways that link stress, gut 

microbiota, and skin inflammation, this narrative review 

aimed to evaluate the role of psychological stress and gut 

health on the development of acne. In order to investigate 

the relationships between stress, dietary impacts, microbial 

imbalances, and the beginning of acne, evidence from 

international studies published over the past 20 years is 

examined. These studies include clinical, epidemiological, 

and mechanistic investigations. Based on the findings, a complicated interplay between 

follicular hyper keratinization, increased sebum production, microbial presence, and 

localized inflammation causes acne. The hypothalamic-pituitary-adrenal axis becomes 

active by psychological stress, resulting in elevated cortisol and neuropeptide levels that 
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stimulate inflammatory responses and improve sebaceous gland activity. The gut–brain–

skin axis plays an important role in the development of disease because dysbiosis of the 

gut microbiota simultaneously causes oxidative stress, impaired skin barrier integrity, and 

systemic immunological dysfunction. While nutrients including antioxidants, polyphenols, 

omega-3 fatty acids, and probiotics demonstrate protective effects by reducing 

inflammation and improving microbial balance, eating habits characterized by high 

glycaemic load and excessive dairy consumption may exacerbate hormonal and metabolic 

problems. Clinical outcomes and patient quality of life may be improved by combining 

standard dermatological treatments with stress management strategies, dietary 

modifications, and microbiome-focused therapy. To improve acne treatment and efficacy, 

future research should focus on customised approaches that consider microbial, 

nutritional, and psychological factors. 

INTRODUCTION 

Acne vulgaris is one of the leading inflammatory skin disorders common in approximately 85% 

of the adolescent group as well as a significant percentage of adults around the world (1,2).It 

appears as a group of comedones , papules, pustules, nodules, as well as cysts predominantly on 

the chest, back, as well as the face. Acne considerably impacts psychological health with a typical 

outcome being lowered self-esteem, social avoidance, as well as depression, anxiety (3–5). In the 

traditional mind-set, acne pathogenesis was blamed primarily on follicular hyper keratinization, 

increased sebum secretion, microbial colonization by Cuti bacterium acnes, as well as localized 

inflammation (1,5,6). However, systemic factors such as the intestinal microbiome as well as 

psychological pressure significant in the regulation of disease onset as well as severity (1,2,6,7). 

The hypothalamic-pituitary-adrenal (HPA) axis, a major neuroendocrine system that controls the 

body's reaction to stress by regulating interactions between the hypothalamus, pituitary gland, 

and adrenal cortex, is activated by stress, which accelerates acne. It works by releasing 

https://pakjmcr.com/index.php/1/about
http://doi.org/10.5281/zenodo.20813676


Pakistan Journal of Medical & Cardiological Review 
                https://pakjmcr.com/index.php/1/about 

                                                                                                                                                                  Online ISSN                        Print ISSN 

 

 

        

DOI: http://doi.org/10.5281/zenodo.20813676   
 

   

3007-2387 3007-2379

 

Vol. 5 No. 2 (2026) 

Haya et al - 2026 

6095 

corticotropin-releasing hormone from the brain, which stimulates the pituitary gland to release 

adrenocorticotropic hormone, which causes the adrenal glands to release cortisol (3,7–9). The 

dysbiosis in gut can impinge on systemic immunity, oxidative stress, and metabolic activity, thus 

contributing indirectly to skin health as well as acne intensity (2–4,10). These pathways do not 

operate in a vacuum but converge over the gut-brain-skin axis, such that stress-induced changes 

in the composition of the gut microbiome could exacerbate systemic inflammation as well as 

acne advancement (2,11–13). 

Acne Pathophysiology and Skin Microbiome Acne is caused by a complicated interplay 

between skin-related variables, microorganisms, bodily systems, and the immune 

response(1,2,7,11). Cutibacterium acnes plays a central role not only because of its 

hyperproliferation but also because of the dysbiosis noted in its phylotypes, predominantly IA1, 

that triggers innate auto-inflammatory activation as well as cutaneous inflammation enhancement 

(1,7). The skin homeostasis disruption further exacerbates the imbalance between C. acnes 

phylotypes versus other commensal bacteria like Staphylococcus epidermidis leading to enhanced 

release of pro-inflammatory cytokines as well as keratinocyte dysfunction (1,4). 

Acne is more than a localized skin disease involving systemic immunometabolism 

dysregulation (1,2,7). Reactive oxygen species (ROS) produced in sebaceous glands can reinforce 

inflammation, for instance, whereas hormonal factors such as androgens and insulin-like growth 

factor-1 (IGF-1) upregulate sebum synthesis and change follicular keratinization (7,11,14). More 

lifestyle factors such as diet, sleep, and stress regulate these pathways further impacting acne 

severity (1,7,12).For example, Dietary-high-glycaemic index meals could potentially exacerbate 

insulin as well as IGF-1 signalling to promote sebaceous gland hyperactivity, whereas stress- 

induced cortisol release will increase sebocyte cell division as well as inflammatory mediator 

synthesis (3,4,7,8). 

The interventions aimed at the skin microbiome, including topical probiotics or skincare 

products designed to be microbiome-friendly, may mitigate inflammatory lesions by reinstating 
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microbial equilibrium without disrupting commensal strains (1,7,14). The systemic alterations of 

the gut microbiome through the use of probiotics, prebiotics, or dietary modifications can affect 

skin inflammation via the gut-skin axis, thereby illustrating a connection between microbial 

metabolites, immune regulation, and dermal health(2,4,11–13). 

Stress and Acne 

It is known that psychological stress has a significant role in aggravating acne by activating the 

hypothalamic-pituitary-adrenal (HPA) axis, which raises cortisol and neuropeptide release. These 

neuroendocrine alterations increase the activity of sebaceous glands and encourage the of 

inflammatory mediators linked to the aetiology of acne (3,6,15,16). Acne severity has been linked 

to both acute and chronic stress, especially in young adults and adolescents, where higher 

perceived stress levels are linked to more severe acne (16,12,8). Independent of other contributing 

factors like sleep and food habits, situational stress, such as academic pressure, has also been 

connected to a markedly elevated risk of acne(6). Figure 1 outlines the mechanism pathway 

relating stress as a cause of cutaneous immunologic responses as well as barrier disruption.(9) 

Figure 1 stress induced effects on skin barrier: 
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Stress activates the amygdala, leading to CRF release, which stimulates the anterior pituitary 

to secrete ACTH. This triggers adrenal gland production of glucocorticoids (GC) and 

epinephrine (EPI), while nerve signals release substance P (SP) and noradrenaline (NE). These 

neuroendocrine factors interact with skin cells—including keratinocytes (KC), dendritic cells 

(DC), mast cells (MC), and T cells—promoting inflammatory cytokines (IL-1, IL-4, IL-5, IL-6, IL- 

18, TNF), reducing antimicrobial peptides, increasing transepidermal water loss (TEWL), and 

delaying wound healing, collectively impairing skin barrier function. 

Stress always comes out as one of the key aggravating factors in the pathophysiology of acne. 

There are several observational and experimental studies that verify that increased levels of stress 

are associated with more severe acne, particularly among adolescents and young adults 

(3,8,10,13,17–19). Stress hormones such as cortisol and catecholamines stimulate sebaceous 

glands, enhance lipogenesis, and enhance inflammatory signals (3,14,20). Specifically, Substance 

P has been demonstrated to stimulate sebocyte proliferation and cytokine secretion, feeding back 

onto inflammatory cascades (21). Clinically, these mechanistic observations are mirrored: patients 

with elevated academic or psychosocial stress manifest more inflammatory lesions, and 

longitudinal studies show deterioration during exam times (13,17–19). However, there is 

heterogeneity some groups have weaker correlations, which indicates that host genetics or 

microbiome abundance might mediate between-group differences (9,15,22). Notably, the 

psychologic impact of acne itself reinforces this vicious cycle; visible lesions stoke fear, depression, 

and withdrawal from social interactions (13,15,22,23), which reciprocally increase stress responses 

and perpetuate flare-ups. Together, these results are consistent with a reciprocal stress–acne 

interaction operating at a level deeper than skin. 

Gut Microbiome and Acne 

Dysbiosis, or changes in the composition of the gut microbiota, has been linked to the 

pathophysiology of acne through its impact on neuroendocrine control, inflammatory signalling, 

and systemic immunity (2,4,7,11,13). Individuals with acne have been shown to exhibit 
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imbalances in gut microbial populations, including reduced beneficial bacteria and altered 

microbial diversity (13). Bidirectional communication routes connect the gut and skin, and 

microbial metabolites including secondary bile acids and short-chain fatty acids help control 

cutaneous and systemic inflammation (2). 

One potential mechanism is the interaction with the mTOR (mammalian target of rapamycin) 

pathway as a possible influence of the gut microbiota in acne. In fact, several skin diseases have 

been found to have a deregulated mTOR pathway recently. In the skin, in general, mTOR is a 

nutrient-sensitive regulator involved in processes of cell growth and differentiation, being key in 

maintaining homeostasis, and at building an adequate epidermal barrier. Mistakes in the mTOR 

pathway negatively affect these processes in different skin diseases. Monfrecola et al. have been 

able to prove for the first time the role of mTOR in acne pathogenesis, finding an increase in the 

expression of mTOR in acne patients in both affected and healthy skin of mTOR compared to 

healthy controls. Likewise, studies in mice have shown that by causing glucose intolerance and 

obesity through a diet with a high glycemic load that modified mTOR activity, it was related to 

specific changes in composition of gut microbiota that were evidenced inversely by administering 

resveratrol (specific inhibitor of mTOR complex 1) to these mice. These studies linked to the effects 

of diet, intestinal microbiota, and pathogenesis of acne related to the mTOR pathway. Moreover, 

the metabolites produced by bacteria can play a role in the mTOR pathway and the mTOR pathway 

can modulate the gut microbiota by regulating the intestinal barrier. 

Thus, creating an altered intestinal barrier in an intestinal dysbiotic environment can positive 

feedback loop that can exacerbate inflammation and worsen acne. 

Combined Stress–Gut–Acne Interactions 

Stress-induced activation of the HPA axis in conjunction with gut dysbiosis can intensify 

systemic inflammatory reactions and exacerbate acne lesions (6). Psychological stress may 

change intestinal function and the makeup of gut microbes, increasing inflammation that impacts 

skin health. The gut–brain–skin axis, which explains the intricate interplay between the 
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gastrointestinal, dermatological, and psychological systems, explains this interaction (2,7,11,22,25). 

Therefore, compared to single-modality therapies, a holistic therapeutic approach that 

incorporates stress management, dietary modifications, probiotic supplements, and traditional 

pharmaceutical treatment may yield better results (1,2,11,12,15). A combinational approach can 

influence several pathways concomitantly, such as by modulating the immune system, 

neuroendocrine system regulation, and microbiome equilibrium, enhancing clinical responses as 

well as quality of life in patients. 

 

Figure 2: Schematic representation of the psycho–intestinal–cutaneous axis. Stress and dietary 

factors alter gut microbiota and impair the gut barrier, leading to systemic inflammation and 

metabolite entry into the bloodstream. These changes affect skin homeostasis through the skin 

HPA axis and autonomic nervous system, contributing to acne development. Gut microbiota 

also modulates immunity and directly influences skin function via short-chain fatty acids 

(SCFAs). 
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METHODOLOGY 

By methodically searching PubMed, Scopus, Web of Science, and Google Scholar for articles 

published between 2000 and 2025 using phrases such "acne vulgaris," "stress," "gut microbiome," 

"diet," and "gut–brain–skin axis," this narrative review focused on the relationship between stress, 

gut health, and acne. Clinical trials, observational studies, and systematic or high-quality narrative 

reviews that examined the pathophysiology of acne in connection to psychological stress, gut 

microbial dysbiosis, or dietary variables were all considered eligible studies. Following the 

screening of more than 300 records, 51 relevant publications were chosen and evaluated by a 

thematic analysis in order to highlight inconsistencies, identify gaps in the psycho-intestinal model 

of acne, and summarize convergent evidence. 

DISCUSSION 

The interaction between stress, intestinal health, and acne has long intrigued scientists, as far back 

as the beginning of the 20th century when Stokes and Pillsbury first postulated that psychogenic 

distress might cause intestinal dysfunction that systemically exacerbates acne symptoms (26). 

Their idea was resuscitated and up-to-date by Bowe and Logan, who provide evidence that 

imbalances in the gut microbial community exert effects on oxidative stress, glucose homeostasis, 

and immunity that underlie the gut–skin axis as a biologically realistic contributor to acne vulgaris 

(25,26). Microbiota-focused investigation further highlights the association between intestinal 

health and cutaneous disease. Sánchez-Pellicer et al. demonstrate that intestinal and cutaneous 

microbial imbalances cross over between hormonal and hereditary determinants of acne risk such 

that probiotics might inhibit burning, restore intestinal integrity, and normalize IGF-1 pathway 

signalling, although firm clinical confirmation still remains lacking(27). This microbiome-centred 

paradigm was repeated by Lee et al., who contended that the severity of acne might not merely 

be a product of C. acnes burden but instead reflects distinctions in virulent clades such that stress 
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and intestinal dysbiosis might be part of a gut–brain–skin network interacting with this severity 

(18). Latest breakthroughs employing Mendelian randomization further solidify these 

relationships: Cao et al. implicate taxa such as Allisonella and Bacteroides as promising microbial 

determinants of risk such that He et al. as well as Ji et al. show that metabolites such as DHA as 

well as protective taxa such as Lactobacillus might mediate acne outcomes (28–30). Even more 

recently, Salem et al. as well as Sánchez-López et al. reaffirmed the idea that pre-existing 

disruptions in microbiota frequently antedate the development of skin inflammatory disorders 

such that oral as well as topically administered probiotics rise as promising adjunct strategies 

(2,31). Huang et al. further highlight the importance of gut-derived tryptophan metabolites in 

establishing a link between microbial metabolism and immunological and neuroendocrine 

system modulation (32). The skin is an important sign of gut health since microbial dysbiosis is 

linked to acne, psoriasis, rosacea, and systemic inflammatory diseases, according to more 

thorough mechanistic investigations like those presented by Pai et al. and Mahmud et al (14,33). 

Oxidative stress is a significant pathway of acne pathogenesis in addition to microbiological causes. 

According to Arican et al., people with acne have very dysregulated levels of antioxidant enzymes, 

with elevated levels of superoxide dismutase and malondialdehyde and decreased levels of 

catalase and glucose-6-phosphate dehydrogenase, indicating a disruption of redox homeostasis 

(4). Ni et al. elaborate on the finding by explaining how oxidative stress is increased by gut 

dysbiosis, leading to systemic inflammation that exacerbates dermatological outcomes (34). 

Bungau et al. connected these results to metabolic disruption, suggesting that acne and obesity 

and insulin resistance share pathophysiologic pathways and recommending dietary antioxidants 

and phytochemicals as treatment possibilities (35). Baldwin and Tan further illustrate how dietary 

modifications, such as low-glycaemic meals and omega-3 fatty acids, might limit the severity of 

acne by highlighting the influence of nutrition on oxidative and inflammatory control (36). All of 

these results point to the confluence of oxidative stress, microbial imbalance, and systemic 

metabolic regulation in acne aetiology (4,36–38). Alzahrani et al. once more verified in a 
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systematic review that stress was substantially linked to the severity of acne among Middle Eastern 

medical students, providing new evidence for this association (39), with Basfar et al. found that 

stress and poor diets are linked to more severe acne in Saudi students (40). Beyond the field of 

dermatology, Nagamine shows how the gut-skin-brain axis in systemic disease interacts with 

stress and psychological symptoms including anxiety and sleep 

disorders (41), with Maiuolo et al. associating microbiota dysbiosis with stress-mediated 

neurological disorders, indirectly supporting its role in skin inflammation (42). When taken as a 

whole, these findings highlight how stress can aggravate acne through neuroimmune, metabolic, 

and microbiological processes in addition to acting as an underlying cause (36,39–43). 

Research on acne has consistently focused on the effect of stress, which is backed by both clinical 

and experimental findings. Regardless of any quantifiable changes in sebum secretion, Yosipovitch 

and colleagues show in teenagers that perceived stress corresponds with illness severity, 

indicating that immune system or barrier-mediated processes rather than sebaceous function in 

and of itself are more important (20). According to Jusuf et al., acne patients elevated serum levels 

of substance P, a neuropeptide released in response to stress, were linked to higher stress scores 

and may have a pro-inflammatory effect on sebaceous gland output (20,44). The relationship 

between psychological stress and microbiological toxicity is further clarified by Borrel et al., who 

demonstrate that catecholamines directly influence C. acnes to enhance biofilm formation and 

sebocyte lipid synthesis (45). According to Zhang et al., these results fit into a neuroendocrine-

immune paradigm in which stress triggers the hypothalamic-pituitary-adrenal axis, which in turn 

causes cytokine dysregulation and disruption of the skin barrier, aggravating acne symptoms (46). 

Additionally, Gradowicz-Prajsnar explains the vicious loop in which excess cortisol from prolonged 

stress weakens skin pathogenesis and interacts with microbial and neuroimmune systems (47). 

When taken as a whole, these research highlight the fact that stress both causes and exacerbates 

acne (20,44–47). These mechanistic discoveries have been reinforced by further evidence from 

clinical and epidemiological research. Aziz and Khan, in their cross-sectional study among medical 
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students, demonstrate a very significant correlation of positive degree between severity of acne 

and academic stress, with examination being a key stimulus(19). Sutrisno and Jusuf also 

demonstrate this, observing an association between higher stress scores and greater severity of 

acne among young adults (44). Zari and Alrahmani replicate these results in female medical 

students, and they showed that higher perceived stress scores were related to more severe acne 

after adjusting for confounders(3). Bouraqqadi et al. replicates these trends in Moroccan medical 

students, and they found higher acne severity during times of high stress when compared to 

baseline (6). In contrast, however, one study conducted at YARSI University failed to identify a 

statistically significant link between stress and acne, and it was speculated that the interaction 

between stress and acne may vary in populations by cultural, genetic, or lifestyle background (48). 

Overall, however, most studies reflect a consistent aggravating impact of psychological stress on 

the severity of acne (3,6,19,44,48). 

New gut microbiota research provides compelling evidence that acne is not only a cutaneous 

disease but also an expression of systemic disbalances in different organ systems. Salem et al. 

argues that imbalance in the microbial communities of the gut damages immune tolerance and 

supports chronic low-grade inflammation, which manifests on the skin as acne and other 

dermatoses(2). Bowe and Logan had earlier hypothesized that probiotics such as Lactobacillus 

and Bifidobacterium produce short-chain fatty acids, reduce oxidative stress, and alter glycaemic 

control, potentially rendering dietary modulation of microbiota an adjunct to conventional acne 

treatment (25). More recently, Chilicka et al. demonstrates that probiotic supplementation can 

alter sebum composition and inflammatory markers, highlighting a possible translational pathway 

for gut-focused therapies in dermatology (49). Collectively, these studies suggest that therapy 

guided by microbiota can offer valuable adjuncts to standard pharmacologic therapy (2,25,49). 
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Figure 3 Gut–Skin Immuno-Crosstalk: 

This figure illustrates immune interactions between the gut and skin. (A) CX3CR1+ DCs 

phagocytose antigens, while CD103+ DCs migrate to Peyer’s patches or mesenteric lymph 

nodes to activate naive T cells. Activated DCs release IL-12, IL-15, and IFNs to stimulate cNK 

cells. (B) SCFAs enhance DC cytokine production (IL-6, IL-12, IFN, TNF), further training cNK 

cells. (C–D) MAIT cells are activated by IL-12, IL-15, IL-18, and TNF-like proteins, while 

phagocytes secrete IL-6 and IL-23. (E) Foxp3+ Tregs and Tfh/ex-Th17 cells in Peyer’s patches 

promote B cell class switching and sIgA production, maintaining microbiome homeostasis. 

(F–H) ILC2 and ILC3 respond to epithelial cytokines and microbial signals, with ILC3 secreting 

IL-22 to induce antimicrobial peptides (REGIIIβ, REGIIIγ) and support pathogen defense. 

Adapted from references 55–58; created with BioRender.com (2022). 
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Nutritional influences overlap with microbiome and stress pathways in the formation of acne 

and different studies have reported that consumption of nutrients controls microbial diversity, 

immune signalling, and cutaneous inflammation(7,49). Li et al. reports that dietary polyphenols, 

probiotics, and gut-metabolized food nutrients reduce systemic inflammation and improve skin 

barrier function, which is a potential for diet control of acne (7). Chilicka et al. also supports the 

application of probiotics, with their ability to normalize intestinal and skin microbiota balance, 

therefore reducing lesion formation(49). Baldwin and Tan validate that omega-3 fatty acids   

antioxidants such as vitamin D and polyphenols possess anti-inflammatory actions on acne, at 

least partially, by cytokine modulation and reactive oxygen species (36). In addition, He et al. 

shows through Mendelian randomization that gut microbial metabolites significantly influence 

acne risk, and Sivamani et al. highlights correlations between gut microbial diversity, androgenic 

hormone levels, and severity of acne (29,50). Collectively, these findings suggest an integrated 

dietary–microbial–immunological model of acne in which diet not only triggers metabolic and  

hormonal changes but also dictates microbiota-mediated inflammation(7,29,36,49,50).  Jusuf et al. 

highlights that hormonal changes caused by stress, including elevations in cortisol and androgens, 

directly exacerbate the activity of sebaceous glands and inflammation, thereby exacerbating the 

severity of acne(44). Zhang et al. also provides evidence that stress affects  immune and microbial 

mechanisms, promoting cutaneous inflammation through gut–brain–skin interactions (46). Borrel 

et al. supports these findings, emphasizing that neuroendocrine mediators bridge psychological 

stress with alterations in microbiota community composition, intestinal permeability, and systemic 

inflammation relevant to the pathogenesis of acne (45). 

Collectively, these data propose that stress is not merely a psychosocial consequence of acne but 

an etiologically active disease-promoting factor that perpetuates disease through mechanisms 

of neuroimmune and microbiome involvement(44–46) Finally, several reviews concur on the 

neuroendocrine–immune relationship between microbiota and acne. Lee et al. argues that C. 

acnes is not the sole microbial inducer of acne, as dysbiosis 
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within creatures such as Prevotella and Malassezia also initiate inflammatory cascades, expanding 

the list of microbes implicated in acne(38). Zhang et al. and Borrel et al. highlight the manner in 

which stress hormones such as cortisol, catecholamines, and neuropeptides regulate both 

microbial virulence and sebocyte metabolism to form a mechanistic triad of stress, microbiota, 

and cutaneous inflammation (45,46). Sánchez-Pellicer et al. demonstrates that probiotics 

containing Lactobacillus and Bifidobacterium have the potential to restore microbial diversity, 

reduce systemic inflammation, and modulate lipid metabolism, suggesting microbiota-based 

treatments might complement conventional treatments and address physiological as well as 

psychosocial dimensions of acne (24,31). Collectively, these findings show that acne is not one 

dermatological condition but a systemic disorder resulting from the dynamic interaction between 

microbial dysbiosis, neuroendocrine stress responses, oxidative stress, and diet (24,31,38,45,46). 

Figure 2 illustrates the complex interaction between stress, diet, intestinal microbiota, and the 

brain–skin axis during acne pathogenesis.(38,51) From a therapeutic perspective, an integrated 

model of acne supports using proven therapies retinoids, antimicrobials, and hormonal therapy 

with the addition of adjunctive therapy including stress control, dietary change, and interventions 

based on the microbiome (11,13,33,48). Probiotic supplementation, prebiotics, and even new 

investigational techniques such as fecal microbiota transplantation are promising but uncharted 

directions(11,19,48,49). Psychological support, including mindfulness and cognitive-behavioral 

therapy, not only enhances psychologic well-being but also maximizes adherence to dermatologic 

regimens(15,17,21). Nevertheless, there are still major gaps. First, most studies are either 

observational or cross-sectional, restricting causal inference (6,15,21,28). Randomized controlled 

trials are very few in stress-related and probiotic interventions (12,48). Second, heterogeneity of 

methods—such as varying stress measurement scales, microbiome sequencing techniques, and 

dietary assessment instruments—hinders comparability across studies. Third, although Mendelian 

randomization studies identify causal microbial taxa, the greater part of the gut microbiome is 

uninvestigated(4,26). Lastly, psychosocial interventions, although demonstrated to enhance 
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outcomes, continue to be underused in dermatology practice because of stigma and constraints 

on resources (15,17,21). 

Conclusion 

In summary, acne vulgaris is a multifactorial etiologic disorder where stress, gut microbiota, and 

skin microbial dysbiosis converge to shape disease onset and severity. Integrating classic 

dermatologic treatment with stress-reducing treatments, dietary modifications, and microbiome-

targeted therapies may be a more complete and effective treatment method for acne. Future work 

needs to overcome longitudinal, controlled investigations of psychological, dietary, and 

microbiome factors in a simultaneous manner in order to deliver personalized, evidence-based 

treatment programs. 
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